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Abstract. Gastrointestinal nematodes limit the growth, production and welfare of goats but there are 1 
few reliable sources of information for recommending management practices across flocks. The 2 
effects of animal species (AS: Angora goat; Merino sheep; mixed-grazed goats and mixed-grazed 3 
sheep at the ratio of 1:1) and stocking rate (SR: 7.5; 10; 12.5 animals/ha) on gastrointestinal 4 
parasitism were determined in a replicated experiment on improved annual temperate pastures in 5 
southern Australia from 1981-1984. Detailed monitoring of gastrointestinal nematodes was 6 
undertaken on animals prior to, during (five times per year) and at the conclusion of studies using 7 
faecal strongyle egg counts (WEC) and total worm counts (TWC). Sheep had a greater proportion of 8 
nematodes as Teladorsagia spp. and goats a greater incidence of Trichostrongylus spp. Both goats and 9 
sheep developed resistance to Nematodirus spp. during the experiment. WECwas similar in goats and 10 
sheep at the start of the experimental period but thereafter was consistently greater in goats than 11 
sheep. While WEC was highly related to TWC the regressions for sheep and goats were different. 12 
Increasing the SR increased WEC of goats and mixed-grazed goats but not sheep. During the 13 
experiment WEC declined at 7 and 10 animals/ha but increased at 12.5/ha. Mixed grazing with goats 14 
provided beneficial effects for sheep at all stocking rates, but the effects for goats were dependent on 15 
stocking rate, being beneficial at 7.5 and 10/ha but harmful at 12.5/ha. The WEC of separately grazed 16 
goats were generally higher than the WEC of mixed grazed goats. The WEC of mixed sheep were 17 
lower than separately grazed sheep. During the experiment the WEC of mixed grazed sheep declined 18 
faster than the WEC of separately grazed sheep but the WEC of separately grazed goats at 12.5/ha and 19 
of mixed grazed goats at 10 and 12.5/ha increased. Under the environmental and pastoral conditions 20 
examined, Angora wether goats should not be grazed at SR above those recommended for wether 21 
sheep. In this study the impact of gastrointestinal nematode infections in goats was reduced at lower 22 
stocking rates. Further,  mixed grazing of Angora wether goats with wether sheep at or below the 23 
recommended SR resulted in reduced gastrointestinal parasitism for both sheep and goats compared 24 
with monospecific grazing conditions. Goats did not represent a gastrointestinal nematode hazard to 25 
sheep. 26 
Additional keywords: Competitive effects; Complementary effects; Nematodes; Seasonal effects27 
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Introduction 1 
Gastrointestinal nematodes are a well known limitation to the growth, production and welfare of 2 
sheep and goats (Torres-Acosta and Hoste 2008). During recent decades the focus for helminth 3 
control largely based on anthelmintic treatment and grazing management (Campbell et al. 1978; 4 
Prichard et al. 1980) has shifted to integrated gastrointestinal nematode management and the 5 
identification of methods to overcome drug resistant strains of nematodes (Waller 2006). Recent 6 
research has included the use of herbage whose chemical makeup limits gastrointestinal nematode 7 
growth (Terrill et al. 2007), and genetic selection within farm animals to increase natural resistance to 8 
these diseases (Vlassof et al. 1999). For goats, there has been some investigation of the apparent 9 
heightened susceptibility of grazing goats to gastrointestinal nematodes and their lower 10 
immunological response to infection compared with other grazing animals such as sheep (Huntley et 11 
al. 1995; Hoste et al. 2008). The use of browse plants to reduce ingestion of pasture larvae has 12 
limitations (Torres-Acosta and Hoste 2008) including the feasibility and cost of maintaining browse 13 
on natural grasslands. 14 
In Australia, the farming of Angora goats for mohair production has been promoted to wool 15 
producers as a means to diversify their income, particularly in the Wheat-sheep Zone, which is 16 
primarily cleared pastureland. Claims about the management of Angora goats suggested that they 17 
could be grazed on pastures at rates of stocking 25 to 33% more heavily than sheep (Carr 1971; 18 
Maher and Truelove 1978; Le Jambre 1984; Barratt 1987).  19 
The expansion of goat farming in Australia during the 1970s highlighted gastrointestinal 20 
nematodes as a potential limiting factor (Le Jambre and Royal 1976; McGregor et al. 1980). 21 
Gastrointestinal parasitism of goats, grazed intensively on small farms, in higher rainfall areas of 22 
south and eastern Australia (> 600 mm pa), has been a major source of lost production, deaths in 23 
young goats and animal welfare concern reported to the authors of this paper and to other 24 
veterinarians (Anon 1983; Adolph and Ross 1983; Barton et al. 1985). During the 1970s numerous 25 
anthelmintic treatment strategies to control gastrointestinal nematodes of goats were suggested in 26 
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farmer managed forums, but no designed replicated grazing research was conducted to evaluate the 1 
long term effectiveness of gastrointestinal nematode control measures or of the relationship which 2 
exists when sheep and goats are grazed together. Unfortunately many investigations of gastrointestinal 3 
nematodes in grazing goats are from un-replicated trials using pseudo-replication or are based on 4 
perennial pastures (e.g. Le Jambre 1984; Brunsdon 1986; Hoste et al. 2001) and therefore are not 5 
reliable sources of information for recommending management practices across flocks in regions with 6 
annual pastures such as the Wheat-sheep Zone in Australia. 7 
A series of investigations have been carried out into the grazing, nutrition, mohair and meat 8 
production, animal health and welfare of Australian Angora goats (McGregor 2010a,b,c). This paper 9 
reports on the effects of rate of stocking and the mixed or separate grazing of annual temperate 10 
pastures by Angora goats and Merino sheep on their gastrointestinal parasitism using a replicated 11 
experiment over three years. 12 
 13 
Materials and methods 14 
Location and environment 15 
The experiment was located at the Animal Research Institute, Werribee, Victoria, Australia (144 41’ 16 
E, 37 54’S, elevation 46 m, annual rainfall 549 mm). The climate is of the Mediterranean type with a 17 
growing season is  7 months (April to October) and a relatively dry summer. During the experiment 18 
the annual rainfall was: 1981, 531 mm; 1982, 409 mm; 1983, 586 mm; 1984, 460 mm. The botanical 19 
composition was primarily annual rye grass (Lolium rigidum) and subterranean clover (Trifolium 20 
subterranean) with volunteer grasses including barley grass (Hordeum vulgare), silver grass (Vulpia 21 
bromoides) and soft brome (Bromus mollis). The availability, composition (DM, kg/ha) and height of 22 
pasture were measured every two months. Further details of the environment, pasture and 23 
management are described in McGregor (2010a,b,c).  24 
 25 
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Experimental design 1 
The experiment was a 3 by 3 factorial design. Treatments were: animal species (AS): sheep, Angora 2 
goats, sheep and goats at the ratio 1:1; and stocking rate (SR): 7.5, 10 and 12.5 animals/ha obtained by 3 
varying the area of each plot. 4 
Each treatment was replicated twice. Each replicate was grazed by 10 animals. The experimental area 5 
was divided into 2 blocks. Within each block treatment plots were randomly allotted. No shelter was 6 
provided in any plot. The stocking rate design was based on the recommended stocking rate for sheep 7 
on similar annual temperate pastures at Werribee to be 10 dry sheep equivalents/ha (Sharkey et al. 8 
1964). 9 
Saxon Merino sheep were chosen as their body size is smaller than other strains of Merino sheep 10 
and more similar to the body size of the Angora goats. Wether (castrated male) sheep and goats were 11 
kept for the duration of the experiment (August 1981 - December 1984).  12 
 13 
Animal management 14 
Goats and sheep (6-8 months old) arrived in March 1981 from commercial stud farms (McGregor 15 
2010b). Based on results of a faecal strongyle egg count reduction test (WECR, Prichard et al. 1980; 16 
Presidente 1985), animals were dosed with anthelmintics (goats, three times the recommended dose 17 
rate of levamisole HCl, equal to 18 mg/kg liveweight of levamisole base; sheep, normal dose rate of 18 
levamisole HCl) to eliminate most of their nematodes. Goats and sheep were then grazed together on 19 
irrigated pasture, from 15 April to 20 July, to acquire similar populations of nematodes. 20 
Non-experimental sheep grazed the experimental pastures until removed on 17 January 1981 and 21 
there was no grazing until 20 July 1981. To contaminate the experimental plots with parasitic larvae, 22 
5 goats/ha and 5 sheep/ha grazed each plot from 20 July to 11 August. On 3 August all animals were 23 
sampled directly from pasture for faecal strongyle egg count (WEC). WEC were determined using a 24 
modified McMaster method with a sensitivity of 30 eggs per gram (epg) (Whitlock, 1948). On 11 25 
August 1981, goats and sheep were weighed after a 24-h fast. They were randomly allocated to their 26 
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treatment groups after being ranked on fasted bodyweight and WEC taken on 3 August. A 1 
representative randomly selected goat and sheep with low, moderate and high WEC was slaughtered 2 
for total worm counts (TWC) at the beginning of the experiment. 3 
A post mortem examination and TWC were conducted on animals that died. Animals that 4 
died or sick animals removed from the experiment were immediately replaced by an animal from the 5 
spare flock of animals not allotted from the original purchased flocks, which grazed adjacent to the 6 
experimental area. Replacement animals were treated with an anthelmintic (levamisole HCl) before 7 
being placed on treatment plots. Data from replacement animals were not used until the elapse of one 8 
spring. 9 
Each month animals were weighed to the nearest 0.5 kg. Details of liveweight, body condition 10 
score, wool and mohair growth, mortality and supplementary feeding are provided in McGregor 11 
(2010a,c). Overall mean fleece-free live weight for sheep and goats were 43.8, 29.4 kg, respectively, 12 
and mean annual differences in fleece-free liveweight between the SR were for sheep and goats, 13 
respectively, were 7.5-10/ha, 3.8, 3.6 kg; 10-12.5/ha, 3.5, 2.9 kg.  14 
Plots were grazed continuously, except 1) during autumn 1983 when, owing to a severe 15 
drought, and so as to avoid pasture damage, livestock were removed to a containment area when they 16 
reached critical liveweights. This took place on 16 February 1983 for some 12.5/ha plots and 8 March 17 
1983 for the remaining 12.5 and all 10/ha plots. Following drought-breaking rains between 21 and 24 18 
March 1983 all remaining livestock were removed until 5 May 1983 to allow all pastures an equal 19 
chance of germinating, and 2) for short periods (2-4 days) associated with shearing and pasture 20 
management or if inclement weather was forecast during the first 14 days following shearing, goats 21 
were removed and fed indoors (McGregor 2010a,b,c). 22 
 23 
Parasitology 24 
General parasitology methods have been described by Presidente (1985). Faecal samples were 25 
collected from animals within 1 hour of their removal from pasture from the same 4 randomly chosen 26 
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animals in each separately grazed replicate and all 10 animals in each mixed grazed replicate each 1 
February, June, August, October and December. Samples were immediately stored on ice and later 2 
refrigerated at 4-8 °C and WEC determined within three days. The sampling in February, June and 3 
December occurred immediately prior to the routine treatment of all animals with anthelmintic. The 4 
treatment regime was based on the recommended best practice for the control of nematodes in sheep 5 
at the time of the experiment (Anderson 1973; Anderson et al. 1976; Napthine and Callinan 1983). 6 
Anthelmintic use did not change during the experiment. The sampling in August and October was to 7 
measure changes during spring. WECR tests were conducted in 1982 in the form of a levamisole dose 8 
response trial and in 1983 at the standard levamisole dose using 35 goats. 9 
Additional treatment with anthelmintic (levamisole HCl, 6 mg/kg liveweight of levamisole 10 
base) was required in September 1983 in treatments 10 and 12.5/ha goat treatments and mixed grazed 11 
goats at 12.5/ha on the basis of five deaths identified as due to parasitism and WEC > 1000 epg on 12 
other animals in the replicates. In early October 1984 additional treatment was provided for three 13 
animals only (1 in 10/ha and 2 in 12.5/ha goat treatments) on the basis of WEC > 1000 epg. 14 
Subsequently for treatments given extra anthelmintic, WEC were measured 1 week post-treatment to 15 
monitor effectiveness of anthelmintic administration. 16 
In December 1984 all principal animals were sampled for WEC and half the goats and sheep 17 
from each 7.5 and 12.5/ha treatments were slaughtered for TWC. Within each treatment, replicate 18 
animals were ranked on WEC and every alternate animal selected for slaughter. The same method 19 
was used for mixed grazed treatments at 7.5/ha but 2 animals from one replicate and 3 from the other 20 
were selected ensuring the range in WEC for that treatment was covered. All animals in the mixed 21 
grazed treatments at 12.5/ha were slaughtered. Nematode species were determined by identifying 22 
adult male nematodes collected during TWC (Dikmans and Andrews 1933). Infective larvae 23 
recovered from faeces were cultured for seven days at 26 C to determine nematode genera and 24 
species. 25 
Statistical analysis 26 
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Data were analysed by two-way ANOVA using GenStat 4.02 (Payne 2007) to estimate standard errors 1 
of difference of means (s.e.d.) for appropriate comparisons between AS, SR and AS  SR 2 
interactions. The mean value for each treatment replicate was the basic unit of measurement for 3 
separately grazed treatments. For mixed-grazed treatments the mean value for the goats and for the 4 
sheep were calculated separately. This provided four AS treatments and 11 d.f. for the error term. 5 
Where appropriate, data have been transformed (natural logarithms) prior to analysis of variance to 6 
ensure that the amount of residual variation does not increase as the mean increased (Sokal and Rohlf 7 
1995).  8 
Data related to the nematode burdens of Angora goats that had grazed the plots for 2.5 years 9 
and died from weather related cold stress were loge transformed and analysed as for the WEC. As 10 
there were no deaths on 7.5/ha and some 10/ha plots there were only 3 d.f. for the error term.  11 
The analysis of WEC and TWC has been undertaken using mean geometric WEC (WEC 12 
count + half the sensitivity of the test, 15) and mean geometric TWC (TWC + 25) for each replicate in 13 
order to stabilise the variances in analyses (Presidente 1985). Tables present arithmetic WEC or TWC 14 
with ranges and appropriate statistics. Data have been analysed for the years 1981 to 1983, 1981 to 15 
1984 and 1982 to 1984. Linear and multiple regression analyses (Payne 2007) were undertaken to 16 
estimate the relationships between WEC and TWC, liveweight changes, pasture availability and 17 
changes in WEC, changes in pasture availability, proportion of and availability of dead pasture for 18 
goat treatments and sheep treatments. Students ‘t’ test has been used to compare linear regression 19 
coefficients (Payne 2007). 20 
 21 
Results 22 
Experimental pretreatment and introduction period 23 
On arrival (March 1981) the goats and sheep had low WEC (80-190 epg). Immediately before 24 
allotment of animals to treatments (August 1981) the arithmetic mean WEC was: goats (n=100) 1230 25 
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epg (range 270-8400 epg); sheep (n=100) 770 epg (0-4749 epg). Sixteen goats and 19 sheep had 1 
Nematodirus spp. WEC of 100 epg (range 30-360 epg). Larval cultures of bulk samples indicated for 2 
goats 28% Teladorsagia spp. and 72% Trichostrongylus spp., and for sheep 35% Teladorsagia spp. 3 
and 52% Trichostrongylus spp. and 13% Chabertia spp.  4 
The TWC of representative animals at the start of the experiment are given in Table 1. Of the 5 
male nematodes examined Tela. circumcincta comprised approximately 90% of abomasal worms with 6 
Tela. davtiani and T. trifurcata comprising approximately 10% in both goats and sheep. 7 
Approximately 62% of the intestinal nematodes in both goats and sheep were Trichostrongylus 8 
colubriformis, and 25% T. vitrinus. Three species of Nematodirus (N. spathiger, N. filicollis and N. 9 
abnormalis) comprised approximately 12% of intestinal parasites in both goats and sheep. When 10 
WEC were compared with total mature female nematode burdens (Table 1), individual females 11 
contributed, in goats, 18-72 eggs/100 g faeces and in sheep, 2-19 eggs/100 g faeces.  12 
WEC during experiment 13 
Effects of AS and SR Changes in mean geometric WEC (GWEC) are shown in Fig. 1 and statistical 14 
data in Appendix 1. There were AS  SR interactions, AS and SR effects on mean monthly GWEC 15 
during 1982-84.  16 
Separately grazed and mixed-grazed goats had higher GWEC than sheep in all months 17 
(P<0.01, Table 2). An AS  SR interaction indicated that in December at 12.5/ha, mixed-grazed 18 
goats had higher GWEC than separately grazed goats (P<0.05). Separately grazed sheep had higher 19 
GWEC than mixed-grazed sheep in August, December and for the mean of the 1982-84 period 20 
(P<0.05, Table 2). AS affected GWEC from allocation in August 1981 until December 1984, 21 
excluding December 1982 and February 1983, as all goat treatments had higher GWEC than all sheep 22 
treatments (P<0.001, Appendix). In August and October 1983, animals in separately grazed goat 23 
treatments had higher GWEC than those in mixed-grazed goat treatments (P<0.05).  24 
Mean of measurements for 1982 showed that mixed-grazed sheep had lower GWEC than did 25 
separately grazed sheep (P<0.05). Mixed-grazed sheep had lower GWEC than separately grazed 26 
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sheep in December 1983 (P<0.05) and December 1984 (P<0.01). Mean GWEC for the 3-year period 1 
1982-84 showed that mixed-grazed sheep had lower GWEC than did separately grazed sheep 2 
(P<0.05, Table 2). The GWEC of separately grazed goats at 10/ha were high in October, with 25% of 3 
individual animals tested in 1983 and 1984 recording >1000 epg (Table 2).  4 
SR affected GWEC. Animals grazed at 7.5/ha had lower GWEC than those grazed at 12.5/ha 5 
in December 1981, June 1982, August and October 1983, and, October and December 1984 (P<0.05, 6 
Fig. 1, Appendix). SR affected the mean GWEC for the entire 1982-1984 period and for the months 7 
of June, August, December (P<0.05, Table 2) with significantly higher GWEC at 12.5/ha than at 8 
7.5/ha. The mean GWEC of goats grazed at 7.5/ha were 30 to 50% lower than those for goats grazed 9 
at 10/ha (Fig. 1, Table 2). 10 
Changes over time Significant AS  SR interactions indicated that the GWEC of sheep mixed-grazed 11 
at 7.5 and 10/ha and mixed-grazed goats at 7.5/ha declined during the experiment while the GWEC of 12 
mixed-grazed goats at 10 and 12.5/ha and separately grazed goats at 12.5/ha increased (P <0.05). The 13 
main AS effect on December GWEC (P<0.001) indicated that from 1982 to 1984 GWEC for all sheep 14 
declined while GWEC for all goats increased. The main SR effect (P <0.01) was declining GWEC at 15 
7.5 and 10/ha but increasing GWEC at 12.5/ha.  16 
When changes in December GWEC over the period 1981-1983 were examined, mixed-grazed 17 
goats at 12.5/ha had a significant increase (P <0.05) while animals in all other treatments, except goats 18 
at 10/ha, had declining GWEC over time. Changes over the period 1981-1984 provide similar results 19 
with mixed-grazed goats at 12.5/ha having significant increases (difference in slopes P <0.001). At 20 
7.5/ha both separately and mixed-grazed goats and all sheep treatments had declining WEC.  21 
Efficacy of treatment The efficacy of a single treatment of levamisole, using the recommended dose 22 
rate for sheep to dose Angora wether goats (liveweight range 17-32 kg), in February 1982 was 83% 23 
(Table 3). In December 1983, the WECR test showed a reduction of 86% in WEC (524 to 72 epg). 24 
WEC, pasture availability and liveweight change During the pasture growing period (May-December) 25 
there were generally poor (r<0.6) or no relationships between GWEC or changes in GWEC for sheep 26 
11 
 
and goats with changes in liveweight or availability of green or dead pasture. The exception was for 1 
goats during 1983 when grazing conditions were excellent. GWEC in June and August 1983 together 2 
accounted for 76% of the variation in liveweight change between July and September. When averaged 3 
over the 3-year period 1982-1984, the change in GWEC between June and August accounted for 56% 4 
of the variation in liveweight change between April and August, with liveweight gain associated with 5 
a reduction in GWEC. 6 
 7 
Total worm counts 8 
Angoras that died in April 1984 Nematode burdens were light to moderate in these goats which died 9 
as a result of adverse weather (treatment mean range 9400-18900, individual range 3000-34000). 10 
There were few significant differences in total nematode burdens between AS and SR treatments. AS 11 
affected Teladorsagia spp eL4, mixed grazed goats had over three times as many Teladorsagia spp. 12 
eL4 than separately grazed goats (4700 vs 1400; P<0.05). SR appeared to influence T. axei adult with 13 
higher counts at 12.5/ha compared with 10/ha (300 vs 30; P<0.1), and Teladorsagia spp L4 with 14 
lower counts at 12.5/ha (P<0.1). The February WEC of individual goats that died had counts that 15 
ranged from 150 to 4250 epg in the 14 samples with six samples having WEC <500 epg and four 16 
having counts >1000 epg. While mortality was higher at 12.5/ha it was not related to nematode 17 
burdens at time of death. Mortality was related to body condition score, not liveweight (McGregor 18 
and Butler 2008). 19 
 20 
Principal animals December 1984 These animals had not been treated with anthelmintic since June 21 
1984 except one goat given a ‘salvage’ treatment in October. The data from this goat was included as 22 
it was not different to other animals in its treatment plot.  23 
The same genera of nematodes were found in principal goats and sheep at the conclusion of 24 
the experiment (Table 4). AS affected the TWC of adult and immature nematode species (P=0.006; 25 
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Table 4). Goats and mixed-grazed goats had higher total adult and immature nematodes (P<0.01) than 1 
did separately grazed and mixed grazed sheep. An AS  SR interaction (P=0.011) affected TWC of 2 
adult nematode species as SR had significant effects on the TWC of goats but not of sheep (Table 4). 3 
At 7.5/ha, mixed-grazed goats had TWC similar to those in sheep at any grazing combination but 4 
separately grazed goats at 7.5/ha had higher TWC than did sheep at 7.5/ha (P<0.05). At 12.5/ha, all 5 
goat treatments had higher TWC than did all sheep treatments (P<0.05). Increasing SR significantly 6 
increased TWC of adult nematodes, from 3066 to 7635 (s.e.d. 994; P=0.004). 7 
The TWC of Teladorsagia spp. adults was affected by AS (P=0.01) as was L4 and eL4 8 
(P<0.05) with all goats and mixed-grazed goats having higher counts than those of all sheep. 9 
Numbers of L4 were low (< 180). An AS  SR interaction (P=0.005) affected the TWC of T. axei 10 
adults, with mixed-grazed goats at 7.5/ha and all sheep and mixed-grazed sheep at 12.5/ha having 11 
lower counts (P<0.05) than separately grazed goats at 7.5/ha, and separate and mixed-grazed goats at 12 
12.5/ha having significantly higher TWC than for animals in other treatments (P<0.05). Increasing 13 
SR increased T. axei from 651 to 2773 (s.e.d. 302; P<0.001). 14 
AS  SR interaction (P=0.016) affected the TWC of Trichostrongylus spp. adults in the 15 
small intestine, with mixed-grazed goats at 7.5/ha and all sheep and mixed-grazed sheep having lower 16 
counts (P<0.05) than separately and mixed-grazed goats at 12.5/ha. L4 larvae were affected by AS 17 
(P<0.005) with goats having higher numbers than other animal species. Increasing SR increased 18 
Trichostrongylus spp. adults from 625 to 2057 (s.e.d. 394; P<0.01). 19 
AS  SR interaction (P<0.05) affected the TWC of Nematodirus spp. adults (Table 4). While 20 
numbers of Nematodirus spp. adults were low, mixed-grazed goats had significantly greater numbers 21 
of Nematodirus spp. adults (P <0.05) than did the animals in all other treatments. There was no 22 
significant effect on Nematodirus spp. L4. 23 
Goats and sheep grazed at 12.5/ha had generally 50% to 200% higher numbers of adult 24 
nematodes and correspondingly higher GWEC than did those grazed at 7.5/ha. For goats, 82% of the 25 
variation in the GWEC in December 1984 (DGWEC) was accounted for by variation in the TWC of 26 
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adult nematodes. When TWC was combined with liveweight in December (DLwt, kg), they 1 
accounted for 90% of the variation in DGWEC as follows: 2 
 DGWEC = -456 + 0.157 (±0.030) TWC; r2 = 0.82; r.s.d. = 408; P<0.001 (1), and 3 
 DGWEC = 2429 + 0.0638 (±0.0463) TWC -56.1 (±24.5) DLwt; r2 = 0.90; r.s.d. = 300; 4 
P<0.001. (2) 5 
Similar relationships for sheep accounted for 19 and 61% of the variation respectively. The TWC 6 
regression co-efficient for goats and sheep (Eqn 1) were different (0.157 vs 0.039; P <0.001). 7 
No relationships were found between liveweight change from August to November 1984 and 8 
TWC in December 1984 (P>0.05). With sheep, the inclusion of pasture availability and change in 9 
GWEC did not provide meaningful relationships. With goats, the change in green pasture availability 10 
from August to November alone accounted for 40% of the variation in TWC but represented SR 11 
effects. 12 
Mortalities During the experiment there were 5 deaths which were attributed to heavy internal 13 
parasitism. Four goats at 10 and 12.5/ha died in September 1983. Two had heavy nematode burdens 14 
(mean 81,000; 90% Telodorsagia spp.). The other goats were predated during the night and TWC 15 
were not possible. One of these goats had a WEC of 20,500 epg seven days prior to death and the 16 
other a WEC of 330 epg six weeks prior. One goat mixed grazed at 12.5/ha died in October 1984 17 
where parasitism may have contributed (TWC 9200). 18 
 19 
Discussion  20 
The present experiment has shown that mixed grazing of goats with sheep and increasing the SR of 21 
goats significantly affected the level of gastrointestinal parasitism in grazing Angora goats and 22 
Merino sheep. Mixed grazing with goats resulted in beneficial effects for sheep but mixed grazing 23 
with sheep provided beneficial or harmful effects for goats depending on the SR.  24 
14 
 
Effect of animal species host 1 
The same genera of nematodes were found in both goats and sheep. WEC and nematode burdens of 2 
each genera were similar in goats and sheep at the start of the experimental period but, thereafter, 3 
were consistently greater in goats than sheep. Sheep had a greater proportion of nematodes as 4 
Teladorsagia spp. and goats a greater incidence of Trichostrongylus spp. Both goats and sheep 5 
developed resistance to Nematodirus spp. during the course of the experiment. While WEC was 6 
highly related to nematode burdens, the regressions for sheep and goats were different. 7 
Stocking rate 8 
Increasing the SR increased WEC of goats and mixed grazed goats significantly, but with sheep, the 9 
increases were not significant. During the experiment, WEC declined at 7 and 10 animals/ha but 10 
increased at 12.5/ ha. Increasing SR increased the numbers of Trichostrongylus spp. and altered the 11 
ratio of Teladorsagia spp. and Trichostrongylus spp. nematodes. This finding for the effect of SR on 12 
WEC of goats accords with most previous studies with sheep (Waller 2006).  13 
Previous work with goats that has purported to identify SR affects have: used unreplicated 14 
designs which cannot be analysed because the replicate, not individual animals, must be used to 15 
determine degrees of freedom (Morris 1999); confounded their results by grazing goats and sheep at 16 
different SR; or have conducted their studies for short periods, often less than 5 months (e.g. Le 17 
Jambre 1984; Brunsdon 1986). 18 
 19 
Mixed grazing 20 
The WEC of mixed sheep were significantly lower than those of separately grazed sheep. This 21 
indicates that goats per se are not gastrointestinal hazards to sheep. During the experiment, the WEC 22 
of mixed grazed sheep declined faster than the WEC of separately grazed sheep but the WEC of 23 
separately grazed goats at 12.5/ha and of mixed grazed goats at 10 and 12.5/ha increased. 24 
 The resistance that mixed grazed sheep developed to Nematodirus spp., to Trichostrongylus spp. 25 
15 
 
and, to a lesser extent, to Teladorsagia spp., after their first year was able to withstand the increased 1 
larval challenge that they must have been exposed to when grazing with goats because the WEC of 2 
mixed goats was always moderate to high. These findings may be explained in part by reference to 3 
pasture and liveweight data (McGregor 2010a,b). Mixed grazed sheep had access to more pasture 4 
than separately grazed sheep and were heavier than separately grazed sheep. While these mixed 5 
grazed sheep had lower concentrations of nematode eggs in their faeces than did separately grazed 6 
sheep, this may be partly explained by greater feed intake, as shown by higher mean liveweight and 7 
faster rates of growth, and, consequently greater faecal dry matter output of the mixed sheep. The 8 
apparently reduced output of nematode eggs by mixed grazed sheep was despite the fact that they 9 
would have expended more energy and protein in keeping these diseases at bay compared with 10 
separately grazed sheep, as has been reported for sheep that have been exposed to higher challenges 11 
from gastrointestinal nematodes (Steel et al. 1980; Bown et al. 1991; Roy et al. 2003).  12 
Grazing sheep with goats had a beneficial effect of the general level of parasitism. This was 13 
shown in the significantly reduced nematode burdens of mixed grazed goats at 7.5/ha, compared with 14 
separately grazed goats. However, in mixed grazed plots at 12.5/ha, sheep out-competed goats, and 15 
the pasture was much shorter and less pasture was available for goats than in the separately grazed 16 
12.5/ha goat treatment (McGregor 2010b). It appears that the grazing pressure exerted by the sheep at 17 
12.5/ha had such a deleterious effect on the condition of the goats (McGregor 2010a) that their ability 18 
to resist gastrointestinal nematodes was reduced. These goats had higher adult nematode burdens and 19 
WEC than did those goats that grazed alone at the same stocking rate and this became evident within 20 
18 months of applying the treatments (Fig. 1). 21 
 22 
Effectiveness of drenching strategy 23 
The three drench program was not effective in preventing the heavy build-up of larvae on the 10 and 24 
12.5/ha goat treatments. Goats separately and mixed grazed at 12.5/ha were subject to severe internal 25 
parasitism in late winter and early spring 1983, to such an extent that they lost 1.6 kg (6%) liveweight 26 
16 
 
during a period when their liveweight gains would be expected to be greatest. Goats at 10/ha also 1 
experienced parasitism but were able to maintain liveweight (McGregor 2010a). At this time, goats at 2 
7.5/ha gained 1.8 kg liveweight. Deaths occurred at both 10 and 12.5 goats/ha. Additional 3 
anthelmintic treatments were necessary and prevented further deaths and reduced WEC to moderate 4 
levels for the remainder of that year. The seasonal conditions in 1983 coupled with the relatively high 5 
SR combined to provide a serious gastrointestinal nematode challenge. The implication being that 6 
goat producers need to undertake constant surveillance, particularly during winter and spring, or year 7 
round at high SR, to quickly detect and respond to potential high levels of gastrointestinal nematode 8 
challenge.  9 
At high SR, the pastures where shorter (McGregor 2010b). As trichostrongylid larvae are 10 
found in the lower stratum of herbage, animals grazing below 12.5 cm in height cannot avoid 11 
ingesting them (Silangwa and Todd 1964). The results of Jallow et al. (1994) showed that the 12 
different grazing pattern of goats may cause the ingestion of far more larvae when the pasture was 13 
contaminated by sheep faeces, whereas the reverse did not occur.  14 
The WEC of sheep were usually low. Increases in WEC of sheep in late spring 1981 and 1982 15 
were effectively reduced by the two summer drenches. As sheep developed resistance to the 16 
nematodes, WEC declined to low levels. 17 
The effectiveness of levamisole remained at about 85% in goats during the conduct of this 18 
experiment. This level of drench efficacy was similar or superior to that reported for most of the 19 
wool-producing farms in south-eastern and south-western Australia at the same time (Campbell et al. 20 
1978; Prichard et al. 1980; Campbell et al. 1980; Edwards et al. 1986) and, therefore, provided a level 21 
of performance which could have been expected in practice during the conduct of this experiment. 22 
This level of efficacy may have provided a systemic bias in the experiment, resulting in higher pasture 23 
contamination in goat and mixed grazed treatments compared with sheep grazed treatments, owing to 24 
the higher total nematode burdens remaining in goats after each treatment. Differences in faecal 25 
concentration related to lower dry matter intake by goats (Jallow et al. 1994) may, however, negate to 26 
varying extents any systematic bias. 27 
17 
 
The effectiveness of levamisole over a period of four years in these grazing Angora goats 1 
managed in six different grazing treatments differs in a major way from that reported by Gillham and 2 
Obendorf (1985). Gillham and Obendorf (1985) reported that in lactating dairy goats, levamisole was 3 
rapidly metabolised and that blood plasma levels of the active chemical were too low to provide an 4 
effective treatment, so that WEC were unaffected by their levamisole treatment. It is likely that the 5 
feed intake and metabolic rate of the non-lactating and non-pregnant wether Angora goats used in the 6 
present work were lower than that of the lactating Saanen dairy goats used in the Gillham and 7 
Obendorf’s study. It is possible that the metabolic rate of the Saanen goats used in the latter study 8 
were affected by the intensive and unfamiliar blood sampling routine used in that study. In the 9 
present, study the Angora goats were very familiar with handling and faecal sampling.  10 
Had this experiment had a breeding flock, with susceptible kids grazing these pastures at 11 
moderate and high SR, internal parasitism would likely have been much more severe than in the 12 
present work using non-breeding wethers.  13 
 14 
Recommended strategy for goats grazing annual temperate pastures 15 
Under the management and pasture conditions of this experiment, to minimise internal parasitism, 16 
maintain liveweight gain during spring and to prevent deaths, goats should not be grazed above 17 
stocking rates of 7.5 goats/ha. Grazing goats with sheep reduced WEC in goats at 7.5 and 10/ha by 12 18 
and 35%, respectively, and reduced TWC at 7.5/ha by 50%, which generally avoided the need to 19 
provide additional anthelmintic treatment. Grazing goats with sheep is, therefore, likely to delay the 20 
development of anthelmintic resistance in goats grazed at low or moderate SR by reducing the need 21 
for additional anthelmintic treatments and reducing nematode burdens and challenge. These 22 
observations differ from those of Jackson et al. (2012), regarding methods to reduce anthelmintic 23 
resistance in goats.  24 
Our results indicate that goat producers need to monitor the need for additional anthelmintic 25 
treatment, especially during winter and early spring and at higher stocking rates. 26 
18 
 
It is clear from this experiment that mixed grazing at 10 animals/ha, i.e. five goats/ha plus five 1 
sheep/ha (about the recommended SR for sheep in this environment) resulted in complementary 2 
grazing in terms of increased pasture production, more favourable pasture composition, increased 3 
animal production, increased fleece production (McGregor 2010a,b,c) and improved gastrointestinal 4 
nematode status of sheep and goats. Mixed grazing at higher stocking rates was competitive and 5 
resulted in goats having reduced liveweight, reduced production, increased internal parasitism and 6 
increased mortality (McGregor and Butler 2008; McGregor 2010a,b,c). 7 
 8 
Conclusion 9 
Under the environmental and pastoral conditions examined, Angora wether goats should not be 10 
grazed at stocking rates above those recommended for wether sheep. The impact of gastrointestinal 11 
nematode infections in goats was reduced at lower stocking rates. Further, mixed grazing of Angora 12 
wether goats with wether sheep at or below the recommended SR resulted in reduced gastrointestinal 13 
parasitism for both sheep and goats, compared with monospecific grazing conditions. Goats did not 14 
represent a gastrointestinal nematode hazard to sheep. 15 
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Fig. 1. Geometric mean faecal egg counts (WEC) from Angora wether goats (, ) and 1 
Merino wether sheep (, ) from separately grazed (, ) and mixed grazed (, ) 2 
treatments at stocking rates of (a) 7.5/ha; (b) 10/ha and (c) 12.5/ha. Arrows indicate 3 
anthelmintic treatment for all animals. Bold arrow indicates additional anthelmintic treatment 4 
only for goat treatments 10 and 12.5 goats/ha. 5 
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